Introduction
The genus Tulostoma Pers. is a large group of gasteroid fungi, commonly called stalked puffballs, belong to the family Agaricaceae (Agaricales: Basidiomycota). This genus is characterized by a rounded spore case with apical mouth attached to a stipe. It is represented by 81 established species (Kirk et al., 2008; Caffot et al., 2011) but more than 100 names for this group have been cited in the literature (Wright, 1987; Moreno et al., 1992 Moreno et al., , 1995 Moreno et al., , 2002 Fan and Liu, 2005) . The distribution of these fungi is worldwide, but they prefer xeric, warm, and sandy habitats (Wright, 1987; Esqueda-Valle et al., 2000) . Most of the taxa of this genus are found throughout the year.
Taxonomy of the genus Tulostoma was previously based on morphological features like size, color, and shape of basidiomata as well as microscopic characters like shape, size, and color of eucapillitia, paracapillitia, and basidiospores (Wright, 1987) . During the last decade, taxonomy of these fungi has been analyzed through molecular tools such as sequencing of the nrDNA gene, RPB2 gene, and translation elongation factor 1-alpha-like gene (Bellemain et al., 2010; Caffot et al., 2011) .
Previously, 24 taxa in the genus Tulostoma have been reported from Pakistan (Ahmad et al., 1997) . In the present study, a few basidiomata of Tulostoma species have been collected from Malakand of Khyber Pakhtunkhwa and Khushab districts of Punjab, Pakistan. Macromorphology, microscopic analysis, and ITS sequence data strongly support that Tulostoma ahmadii is a new species. T. squamosum Pers. is described here as a new record for Pakistan.
This work is a continuation of efforts for exploring biodiversity of gasteroid fungi from different regions of Pakistan.
Materials and methods

Collection and processing of samples
Specimens were collected, photographed, vouchered, dried using a fan heater, and kept in paper boxes. For basidiomata color designations, the Munsell (1975) color system was followed. Slides were prepared from exoperidium, endoperidium, and gleba in 5% KOH, lactic acid, and Trypan blue. The exoperidium was observed by scratching the outer surface of the spore case and stipe with a needle under a dissecting microscope (Meiji Techno, Japan). Microscopic features were observed under a binocular microscope (MX4300H, Meiji Techno Co., Ltd., Japan). Basidiospore dimensions were based on the measurement of at least 20 randomly selected spores of 2 basidiomata of each collection by using the formula (n/m/p), where n is number of spores measured from m number of specimens out of p number of collections. Average length and width of all spores by avX, quotient length by width of spores by Q, and average quotient by avQ are provided (Liang et al., 2011) . Color reactions of spores were studied in Melzer's reagent (Largent et al., 1977) and line drawings were made with a camera lucida. 2.2. DNA extraction, PCR amplification, and DNA sequencing Genomic DNA was extracted using the DNeasy Plant Mini Kit by QIAGEN (Cat. No. 69104) following standard manufacturer's protocol and by using modified the CTAB method following the Bruns (1995) protocol with small modifications. The ITS-nrDNA region was amplified using the universal primer pair ITS1F and ITS4 (White et al., 1990) . Polymerase chain reaction (PCR) was performed in a reaction volume of 20 µL containing 10 µL of 2X PCR buffer (Sigma-Aldrich Co. LLC), 0.1 µL of each primer, 8.8 µL of deionized distilled water, and 1 µL of DNA template. PCR parameters for one cycle are 94 °C for 1 min and 35 cycles at 94 °C, 53 °C, and 72 °C each for 1 min, with a final extension at 72 °C for 8 min. The amplified products were run through 1% agarose gel stained with ethidium bromide and visualized under the UV Light Gel Documentation System (UVtec, Avebury House, Cambridge, UK), using default settings. The PCR products were directly sequenced in both directions using the same primer set with the Automatic Sequencer 3730XL (Macrogen, South Korea).
Sequences were manually edited and assembled using BioEdit (www.mbio.ncsu.edu/bioedit/bioedit.html). All sequences generated for this study were submitted to GenBank and the accession numbers for these as well as for other closely related taxa used in the phylogenetic analysis are cited in the Table. Multiple sequence alignment was performed using MUSCLE alignment software (Edgar, 2004) . Phylogenetic trees were constructed with the maximum likelihood algorithm based on the Jukes and Cantor (1969) model of sequence evolution using default settings of MEGA6 software (Tamura et al., 2013) . A bootstrap consensus tree was inferred from 1000 replicates, and corresponding bootstrap values of >50% are cited in the tree. Initial tree(s) for the heuristic search were obtained automatically by applying neighbor-joining and BioNJ algorithms to a matrix of pairwise distances estimated using the maximum composite likelihood (MCL) approach and then selecting the topology with superior log likelihood value. Sporophore consists of spore case and stipe. Spore sac 8-15 mm high × 15-20 mm in diam., globose to subglobose. Peridium double. Exoperidium membranous to warty, warts light olive brown (2.5Y 5/2-2.5Y 5/2). Endoperidium papery, pinkish, opens by an apical mouth at maturity; Mouth circular, tubular, surrounded with white mass of hyphae. Socket conspicuous, with several dentate concentrically organized membranes of different lengths, the external one hanging from the endoperidium and the longest ones embracing the stem. Stipe 30-40 × 3-8 mm, cylindrical, slightly tapering towards spore case, hollow, squamous-rugose, scaly; scales striated, thick, strong reddish brown (10R 3/8-10R 3/10) to deep reddish brown (10R 1/10-10R 2/6), sloughs off at several points, from base upwards, base of the stipe bulbous with thin, white rhizoids. Mature fruiting bodies arise in the form of bunch from the underground woody flat mycelial base. Gleba orange (5YR 6/12-5YR 7/12).
Basidia rarely observed, 2-spored, ellipsoid to clavate, 23 × 9 µm. Eucapillitium light green, undulate, rarely branched, septate, thick walled, 6-9 µm in diam., wall thickness 2-3 µm. Basidiospores [50/4/2], (6-)7.5-9.4(-10.3) × (4-)6.3-8.2(-9.4) µm (avX = 9.36 × 7.99 µm), Q = 1.11-1.36, avQ = 1.17, globose to subglobose, brown in 5% KOH, with small apiculus, ornamented, in the form of thin and wide, solitary and appressed spines.
Exoperidium with two sublayers; outer layer composed of subglobose to elongated hyphal cells; 7-10 × 2-4 µm, irregularly arranged; inner layer present below the warts, composed of thin, straight, septate hyphae, 3-5 µm. Endoperidium composed of smooth, long, septate, highly branched hyphae, 3-5 µm, wall thickness 1-2 µm. Socket membranes composed of cylindrical hyphae, 3-4.5 µm. Stipe composed of thin-walled, hyaline, straight and septate hyphae, 4-6 µm. The basal bulb hyphae up to 1-2 µm. T. squamosum has been reported from Turkey, Georgia, India, Sweden, Austria, and Macedonia (Wright, 1987) . T. squamosum in this study was collected from Sakesar of Khushab district, Punjab, Pakistan. Sakesar is a highest peak of the salt range in Soone valley and its relatively cooler climate is very different from the other habitats in the salt range (Nawaz et al., 2012) . It is represented here as a new record for the country. The Malakand district lies between 34°33′N and 34°56′N and between 71°55′E and 71°52′E, and it features a subtropical climate with heavy rainfall (600-1100 mm annually) (Karim, 2008) .
Habitat
Discussion
Morphologically it appears close to Tulostoma domingueziae Hernández Caffot, T. dumeticola Long, T. exasperatum Mont., and T. macalpineanum Lloyd due to the shared feature of ornamented exoperidium.
Among these, T. domingueziae is the closest taxon, recently described from Argentina (Caffot et al., 2011) , different from T. ahmadii by having reddish brown warty exoperidium that breaks off, cream endoperidium with branched hyphae, 8-9 µm, with yellowish brown, subglobose to irregular spores (5.7-8.7 µm). T. dumeticola and T. exasperatum has inconspicuous socket with one to no dentate membrane in contrast to T. ahmadii, which has a prominent socket with many dentate membranes. It can also be compared with T. macalpineanum but it has pinkish white exoperidium and smooth spores versus olive brown exoperidium and warted basidiospores in T. ahmadii.
T. squamosum Pers., another related taxon, has smaller basidiospores compared to larger basidiospores of T. ahmadii (7.3-8.7 × 6.8-7.8 µm vs 7.5-9.4 × 6.3-8.2 
µm).
For phylogenetic analysis, three sequences of the ITS-nrDNA region, two of Tulostoma ahmadii (SH-33), comprising 613 bp, and one of T. squamosum (762 bp), were generated for this study. Sequences for multiple alignment were obtained from the literature and GenBank (Caffot et al., 2011) . The final dataset contains 17 sequences, 16 ingroup and 1 out-group sequence. All in-group sequences belong to the genus Tulostoma and Lycoperdon perlatum (AY264919) was taken as an out-group. There were a total of 810 positions in the final dataset including 150 parsimonyinformative and 499 conserved sites. A phylogenetic tree with the highest log likelihood (-3681.5903 ) is shown. Phylogenetic analysis based on Jukes and the Cantor model of maximum likelihood method shows a distinct position of T. ahmadii with moderate bootstrap support.
In the phylogenetic analysis, two clades were resolved based on the shape and ornamentation of the basidiospores. T. ahmadii has globose to subglobose spores with verruculose ornamentation and was clustered along with two sequences each of T. squamosum, T. melanocyclum, T. domingueziae, and Tulostoma sp. Other taxa in the genus having spores with reticulate ornamentation were grouped in clade II ( Figure 5 ). Phylogenetically the closest member of T. ahmadii is T. squamosum, forming a sister clade with a strongly supported bootstrap value 69%. The latter is different from T. ahmadii by having smaller peridium (10 mm) with appressed to imbricate scales to almost smooth stipe, 15 × 2 mm, smaller basidiospores (4-6 µm), dark dirty reddish brown endoperidium, capillitia much branched, up to 15 µm in diameter with wall thickness of 4 µm (Sesli et al., 2000) . Phylogenetically both species fall into clade I due to membranous to verrucose exoperidium, although fibrillose to squamulose deep reddish brown scales are the distinguishing character of T. ahmadii. Another close relative is T. melanocyclum, having hyphal exoperidium with echinulate spores and prominent apiculus as different features, reported from Europe, Asia, North America, and Brazil (Wright et al., 1972; Wright, 1987; Calonge and Wright, 1989) .
Phylogeny based on ITS sequences produced 810 sites with maximum likelihood log value (-3681.5903) in the final dataset. In maximum likelihood analysis T. ahmadii separated with 100% bootstrap values from all the available sequences of the genus. Similarly, this is consistent with our morphological observations, which obviously demonstrated that T. ahmadii is a new species in the genus Tulostoma.
Similarly, T. squamosum is reported from Pakistan for the first time, characterized morphoanatomically and phylogenetically as an addition to the gasteroid fungi of Pakistan. Tulostoma is the largest genus (23 established species and 1 variety) of the gasteroid fungi of Pakistan (Ahmad et al., 1997) , presumably due to the climate of the country, which seems best for these taxa. In light of these findings we hypothesized that this region is rich in diversity of gasteroid fungi and specifically the genus Tulostoma. This report provides a baseline for the evaluation of biodiversity of Tulostoma and the related gasteroid fungi of Pakistan.
